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Abstract
The thesis deals with the design and development of a new class of multifunctional catalysts for asymmetric synthesis. The first chapter details the importance of asymmetric catalysis and major problems encountered in the conventional homogeneous processes. The need for design and development of cleaner and alternative catalytic technologies, specifically multifunctional approaches for drugs and pharmaceuticals is also discussed in this chapter. Chapter 2 deals with the design and development of heterogeneous osmium catalysts for asymmetric dihydroxylation of olefins. Chapter 3 describes multifunctional catalysts for the synthesis of chiral diols in a single pot. Chapter 4 describes manganese Schiff base type of complexes for asymmetric epoxidation of olefins. Chapter 5 which is divided into two sections, describes catalytic asymmetric C-C bond forming reactions using homogeneous and heterogeneous bimetallic catalysts. CHAPTER-I: Introduction This chapter introduces the-state-of-the-art practiced in industry and laboratory in the area of asymmetric catalysis mediated by metal complexes both in homogeneous and heterogeneous conditions. The merits and demerits of conventional asymmetric catalysis are discussed in length. The importance of multifunctional catalysts for asymmetric synthesis and the necessity to design and develop environmentally cleaner catalytic methodologies with heterogeneous catalysts is also highlighted. Different methods of immobilization of catalysts is detailed. The structures and properties of the materials like MCM-41, silica, clays, layered double hydroxides and polymers are discussed to familiarize the supports used for the development of heterogeneous asymmetric catalysts. CHAPTER-II: Catalytic Asymmetric Dihydroxylation of Olefins Section A: MCM-41 Anchored Cinchona Alkaloid for Asymmetric Dihydroxylation Osmium-catalyzed asymmetric dihydroxylation (AD) of olefins provides one of the most elegant methods for the preparation of chiral vicinal diols. Although the reactions could be applied to the synthesis of pharmaceuticals, fine chemicals, etc., the high cost and toxicity of osmium catalysts restricts its use in industry. So, the development of heterogeneous catalysts to achieve complete recovery of osmium is highly desirable. Moreover, the major disadvantage of the reported heterogenized systems is the use of potassium ferricyanide as cooxidant in large amounts, which renders the process incompatible to the environment and uneconomical. In this regard we designed a highly ordered mesoporous MCM-41 anchored cinchona alkaloid-OsO4 complex to execute AD reaction using more economical oxidants such as N-methylmorpholine N-oxide (NMO) and molecular oxygen. 
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Scheme 1. Depiction of the cinchona alkaloid bound inside hexagonal pores of MCM-41. Section B: OsO42- on Ion-Exchangers for Asymmetric Dihydroxylation Applying the ion-exchange technique new catalysts were designed by heterogenizing OsO42- on the ion exchangers selected from the supports originated from both inorganic as well as organic materials such as layered double hydroxides (LDH), modified silica and resin in an effort to have generality of the technique. The recoverable and reusable immobilized osmium catalyst was employed alongwith a cinchona alkaloid, 1,4-bis(9-O-dihydroquinidinyl)phthalazine ((DHQD)2PHAL) AD of olefins using various oxidants such as NMO, K3Fe(CN)6 or molecular oxygen. 
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CHAPTER-III: Multifunctional Catalysis for One Pot Synthesis of Chiral Diols Many enzymes partake in the intricate construction of complex structures with fascinating stereochemistry from a very small molecule in biological systems. The biomimic approach to realize the multistep reactions, composed of multicomponent system in a single pot synthesis has been confined to a few examples that include the synthesis of corrin and a-acylaminocarbonamides. Sharpless asymmetric dihydroxylation of olefins offers one of the most efficient methods for the preparation of chiral diols, the key intermediates for many biologically active compounds. However, additional upstream unit operations necessitate to obtain the desired prochiral olefin, a substrate and N-methyl morpholine oxide, an oxidant, employing in molar ratio in asymmetric dihydroxylation. We developed various multifunctional catalytic systems for the one pot synthesis of chiral diols through tandem and simultaneous reactions in a most economical way. 
Section A: Anchored Catalysts for One Pot Synthesis of Chiral Diols We designed two heterogeneous bifunctional catalytic systems for one pot synthesis of chiral diols via N-oxidation-dihydroxylation or Heck-dihydroxylation reactions. 1) A new catalytic system was designed for AD of olefins composed of NMM and two divergent heterogeneous catalysts, titanium silicalite and silica gel supported 1,4-bis (9-O-dihydroquinidinyl)phthalazine (SGS-(DHQD)2PHAL)-OsO4 complex using H2O2 as the terminal oxidant to provide chiral diols with good yields and high ee's in a single pot for the first time. 
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2) A new bifunctional catalyst (A?OsO4) consisting of active palladium and osmium species anchored on silica gel through a mercaptopropyl spacer and a cinchona alkaloid respectively was prepared for the first time and used in the heterogeneous tandem Heck-asymmetric dihydroxylation of olefins to afford diols with excellent yields and ee's in the presence of NMO or K3Fe(CN)6 as cooxidants. 
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Section B: Ion-Exchanged Catalysts for One Pot Synthesis of Chiral Diols An unique biomimic synthesis of chiral diols directly in a single pot mediated by a trifunctional solid catalyst consisting of active palladium, tungsten and osmium species embedded in a single layered double hydroxide matrix was designed and developed to provide the desired prochiral olefins and N-methylmorpholine N-oxide in situ in a most economical way by Heck coupling and via N-oxidation of N-methylmorpholine, respectively for the asymmetric dihydroxylation to unfold a low cost process. 
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As the trifuctional catalyst afforded the diol with 99% ee using H2O2 as a terminal oxidant, we present an efficient synthesis of taxol side chain starting from bromobenzene and methyl acrylate. The treatment of diol with HBr-AcOH yields acetoxy bromo ester which in turn reacts with NaN3 in DMF followed by deacetylation with AcONa in MeOH to afford azido alcohol.25 Benzoylation followed by hydrogenation of azido alcohol21b gave the (2R,3S)-(N-)-benzoyl-3-phenylisoserine methyl ester in 67% overall yield. Diltiazem We developed a simplified synthesis of (+)-diltiazem through LDH-PdOsW catalyzed three-component coupling reaction and Fe3+-exchanged clay catalyzed ring opening of sulphite with 2-aminothiophenol followed by cyclization as key steps. 
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CHAPTER-IV: Mn(III)Salen Complexes for Asymmetric Epoxidation of Olefins The heterogeneous chiral catalysts offer the advantage of easy separation and reusability of the catalyst to enable simplified product purification. Silica support has high thermal and mechanical stability over polymers and covalent attachment of chiral catalyst on silica proved to be the best method of immobilization. Pyrrolidinediamine based Mn(III)Salen complex 1 and its heterogeneous counterpart 2 were synthesized and evaluated for the catalytic enantioselective epoxidation of olefins using iodosylbenzene and m-CPBA as oxidants. The silica anchored catalyst 2 exhibited comparable activity and enantioselectivity (7-36% ee) in asymmetric epoxidation of alkenes which were analogous to that of homogeneous complex 1. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a45_figureNO8.jpg" \t "_blank​) 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a45_figureNO9.jpg" \t "_blank​) 
CHAPTER-V: New Catalysts for Asymmetric C-C Bond Forming Reactions Asymmetric C-C bond formation is of great importance for pharmaceutical, agrochemical and fine chemical industries. Interest in asymmetric synthesis continues to increase and this has highlighted the need for the design of new asymmetric catalysts. This chapter is divided into 2 Sections Section A: Heterobimetallic Complex for Asymmetric Michael Reaction A new heterobimetallic catalyst by reaction of LiAlH4 with aminodiol derived from natural (+)- tartaric acid was synthesized and evaluated for asymmetric Michael addition of malonic esters, thiophenols and nitro alkanes to cyclic and acyclic enones to obtain the products in excellent yields albeit low enantiomeric excess (5 - 32% ee). 
Section B: Chiroinorganic Materials for Asymmetric Catalysis We prepared the layered double hydroxides containing organic guests by incorporation of chiral organic molecules i.e. L-proline and BINOL. These bioinorganic materials are employed for various asymmetric C-C bond formation reactions such as aldol condensation, Henry reaction, Michael reaction and cyanosilylation of carbonyl compounds. 
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Significant Achievements: Development of simplified and eco-friendly processes for the production of chiral intermediates such as diols and epoxides. Employment of cheaper oxidants such as molecular oxygen and H2O2 under heterogeneous conditions makes the asymmetric dihydroxylation process more economical. The use of multifunctional catalysts permits the employment of cheaper raw materials and reduces the cost of unit operation thus influencing the economics of the process. Use of the highly expensive and toxic osmium tetroxide is dispensed with the reusable heterogeneous osmium catalysts

